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I

INRODUCTI ON

The most widely used means of fabrication for nickel-hydroxkde electrodes,

-uch as those used in nickel-cadmium -elLs, is to in-regnate a sintered nickel

structure with active nickel and cobalt hydroxides. The methods of loading

hydroxides into the sinte:ed materzal, called a plaque, are varied but the

most popular technique is as follows (1):

a. Dip plaque in nitrate solutions

b. Apply vacuum

c. Release Vacuum and drain nitrate solution

d. Imersc plaque in caustic solution .

c. Apply cathodic curreat to plaque

f. Repeat steps d. through e. four to ten times

g. Apply anodic current to charge plate

This process is rather time consuming requiring several hours to prepare a

finished electrode.

In Part I of tbis series (2), new electrochemical methods of plaque impreg-

nation were reported that are capable of producing electrodes in a much shorter

tine pericd. These plate have been evaluated by aerospace companies (3,4,5)

and shaw superior performance over electrodes manufactured by conventional

vacuum-immersion techniques. The feasibility of industrial scale up of new

electrode fabrication processes has been demonstrated partially at Spectrolab(6),

.44

Tyro Laboratories (7), and Pagl-Picher Industries(8). The work at Tyco and

Eagle-Picher nas been mainly sponsored by Western Electric and Bell Telephone

Laboratories. The work at Spectrolab was sponsored by the Air Force Aero-

Propulsion Laboratory (AFAPL). .t is the purpose of the present paper to report

progress on analysis methods used in controlling the Air Force process and its

product.



The AAPL process um.' boiling ethanol-water solutions as a solvent umdli

for electrolysis of nitrate solutions. The plaque is impregnated by cathodic

deposition of hydroxide from nitrate solutions of current densities of 0.3 to

0.5 seperes per square inch of Plau4e Nickel counter electrodes are used.

Details of the technique are given in earlier publications (2,6,9,10).

In principal, deposition of hydroxide inside t4e plaque occurs as a result

of a decline in acidity %or increase i: alkalinity) from reduction of nitrate.

A generalized equation for the cathodic half-reaction is:

N03- + n M + (n-l)e- - (NO, V02, W3, Otc.) + a 320

Possible concurrent half-reactions at the anode are:

Ni - Ni+4 + 2e-

3CH2 0H - C03CH0 + 284 + 2.-

CK3CH20K + 120 - CHjOO1 + 4U+ + 4e-

V 2CN33C203. +320 - 013C00C32CH 4+ 3K4' 3&-

2H20 - 02 + 4H+ + 4e-

At boiling temperatures (809C - 83C), the ethanol oxidation products are

quite volatile. Oxidation of the anode replenishes nickel removed from

solution.

From a casual observation it would appear that impurities would not present

a problem in this process. The problem that arise in controlling the deposi-

tion appear mainly to arise from denaturants in the alcohol. The use of unde-

natured alcohol would require govermnt controls. in applying the technique

for fabrication of satellite battery electrodes, Seiger and Puqlisi found that

isopropyl alcohol denaturant inhibited deposition (11).
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In addition to controlling undesirable components in the bath it is also

necessary to maintai~n the level of performance enhancing additives, such as

cobalt (12,13,14,15) in the electrodes. To accomplish this, cobalt levels inj

the bath and finished plate should be monitored. In order to initiate such

controls various methods of cobalt analysis have been studied and gas

chromatographic dn-lysis of ethanolic nitrate solutions have been devised asI

part of the in-house development of this process. These studies and analysis

methods are the subject of this report.
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Experimental

Cobalt and Nickel Analysis: Three methcAs for determination of Cobalt

presence of nickel were used: atomic absorption (16), spectrophotometric using

amoniur 'Piocynate following extraction with ether-amyl alcohol solutions (17),

titration with ethylet-diaminetetraacetic acid (EDTA) followed by extraction

of cobalt with 1-n;troso-2naphathol in chloroform (18). Following the

chloroform extraction a second titr-tion with EDTA is performed and cobalt is

determined by difference.

Nickel was always determined using an EDTA titration. Both cobalt and

nickel are titrated, and nickel is determined by elfference after cobalt has

been determined.

Atomic Absorption: All atomic absorption (AA) measurements were made using

a Beckman Model 495 atomic absorption spectrophotometer. Single pass optics

were used. Measurements for cobalt were made at wavelength 240.7 nm.

A series of Ni-Co standards were made for use in the atomic absorption

spectrophotometer using 99.9% nickel foil and 99.8% cobalt power. Purity

ot cobalt was determined by EDTA titration. Samples were weighed to make

100 ml each of solutions with the following molalitles: 1.800 Ni/0.2000 Co,

1/850 Ni/0.1500 Co, 1.900 Ni/0. 1000 Co, 1.950 Ni/0.0500 Co, 2.000 Ni/0.0 Co.

After dissolving in nitric acid, the sample was boiled down to a volur.2 of

approximately 25 ml. After cooling, solution was transferred to a 100 m

volumetric flask and diluted to the mark with ethanol-water solution. A 1000:1

dilution of this solution was used for running through the AA.

At least two standards were used with each sample analyzed, with concen-

trations above and below the sample.

Absorbance values and a Beer's Law relationship were used to determine

sample concentrations.



Impregnatirg solutions were analyzed after filtration and 1000:1 dilution.

Electrodes were analyzed after dissolving in 7.5 molar nitric acid and

dilution to 20 pr= concentration range.

SpectrophotoL-tric: Cobalt forms a complex with ammonium thiocyanate which

can be extracted with amyl alcohol-ether mixtures giving a blue solut-.;,

which absorbs in the 635-640 nm range (19). Cobalt analysis of electrodes and

irpregnating solutions were made from an analytical procedure develcped by

Young (17) in which this principal was employed.

1-Nitroso-2-Naphthol Method (16): This method involves determination of

corzbined nicktl and cobalt content of a sample by addition of excess EDTA

and the titration of excess with zinc, using Erlochrome Black T as the indicator.

This is done with one portion of the sample solution. Using a second portion,

cobalt and nickel are separated by means of a 1-nitroso-2-naphthol precipitation,

followed by a chloroform extraction of the cobalt complex. The nickel content

of the aque ous layer is determined by titration of an excess of EDTA and a back-

titration with zinc using Eriochrome Black T as indicator. The difference

between theae two dettrminations represents the cobalt content.

• Ray Fluorescence: X-ray fluorescence determinations of cobalt and nickel

content of electrodes were made using a Phillips PW1212 X-ray Fluorescence

spectrometer. Dr. Bobby L. Barnett of Michigan State University performed the

analysis (22).

Analysis of Volatile Components in Imporeqnating Solutions: Impregnating

solutions used in nickel electrcdc fabrication were analyzed for volatile

components using gas chromatography. Two techniques were used to remove nitrate

solids from solution prior to introduction of the sample on the Poropak Q

column, a distillation technique and a dual column technique. Prior to use of

either technique, a column calibration procedure was employed.

5



Calibration Procedure: Satisfactory quantitative results may not always

be obtained in gas chromatography by relating per cent area of the chromatogram

to mole percent or weight per cent (20,21). In order to obtain reliable data

one must calibrate the instrument for the particular components he wishes to

analyze. The data given below is a result of such a calibration (singe colums)

for a W -55 Beckman Gas Chromat Fgraph using a 1/8" X 6' Poropak Q column.

Conditions for calibration were:

Flow rate = 20 cc/min.

Temperature Profile = 700C for 40 minutes then increase at a rate of

2.5 cc/min. to 190Cathen hold for 30 minutes.

Carrier Gaz - Helium

A standard was prepared for components likely to be found in ethanol

solutions used for impregnating sintered nickel plaques with nickel hydroxide.

1.0 pol of sample was passed thru the chromatograph under the above conditions.

Results of calibration are given in Table 1 below.

TABLE 1

Calibration Data for Poropak Q Column

Wt. Mole. Area wt fElutionComponent~I '& A2 L Az ,X W-A *
Comonent Area % Time (min.)

Water 45.97 71.60 53.84+.93 0.8538 0.0003 -8.63 2.58
Methanol 2.77 2.41 2.98+.21 0.9295 0.0220 -0.21 10.14

Acetaldehyde 1.46 0.93 1.39+.09 1.0504 0.04R9 -0.07 18.64

Ethanol 32.63 19.87 30.29+.62 1.0773 0.0007 2.34 37.89
Acetone 2.96 0.93 1.68+.13 1.7619 0.0811 1.28 50.50

2-Proanol 5.42 1.63 3.18+.07 1.7044 0.0118 2.24 62.25
Acetic Acid 3.64 0.98 2.10+.12 1.7333 0.0471 1.54 64.44
Ethyl acetate 5.17 1.66 4.504.13 1.1489 0.0074 0.67 76.53

A a area S, V- Wt.%, A -(A-lA /, A- Avg. Area
0

( (W - A) - difference between Wt % and Area '

The above data was employed when the distillation technique, which is out- 4

lined below was used.
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Distillation Technique: One technique used to separate volatiles from

nickel and cobalt salts was precipitation with dimthylqloxie followed by

distillation, at room temperature, under vacuum. The distilled sample is

then analyzed in the gas chromatograph using the above data. In performing

the distillation the apparatus shown in Figure 1 was used. The sample, about

one ml, was placed in the test tube section, B, and 300 to 500 mg of dimthyl-

gloxime added. Section B was immersed in a liquid nitrogen bath while the

apparatus was evacuated. After evacuation, the apparatus was sealed at point

A with a torch then allowed to thaw to room temperature. A liquid nitrogen

bath was placed around D causing volatiles in B to distill over into the

flask section. The flask was then sealed at point C. After warming to room

temperature, the flask stem was broken and a sample taken for analysis.

Dual Column Technique: A common practice in removing solids from a liquid

sample prior to gas chromatographic analysis is to pack a column with firebrick

or sone other absorbIng solid and place this column first in series with the

column used for separation of volatiles. In determinations used here, 36" of

1/8" stainless steel column containing C.2 firebrick 60/80 mesh was connected

prior to the poropak Q column. Conditions used were: 1000C initial tempera-

ture and flow rate of 15 cc/min for 40 minutes followed by 2.51C/min tempera-

ture increase to 1900C then hold for 30 minutes to one hour at this temperature.

Comparison of area percent to weight percent for this technique is shown in

Table 2. This technique used only for determination of water and ethanol

content Is sometimes evidence of nitrate decomposition products were seen in

the chromatogram.

Analysis of Other Components: Analysis of electrodes for carbonate and

nitrate are being made on electrodes using mostly standard techniques. Carbonate

is being determined using gas chromatography (23), a gas volumetric technique (24),

7
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and titrimetric techniques (25). At present results are incompleti, and not

reported. Nitrate analysis is being performed using the Kjeldahl method and

selective ion electrodes.

TABLE 2

Calibration Data for Dual Firebrick and Poropak Q Colmnn

Component Wt. % Wt. % Mole % Area (W-A) Wt. R Retention

S total) (v6la.) (vola.) Area Time (wrin)

Water 32.32 46.01 71.17 42.23 3.78 -7-.7
Methanol 3.28 4.67 4.06 7.67 -3.00 0.609 4.67

Acetaldehyde 0.89 1.06 0.33 0.28 0.78 3.786 7.42

Ethanol 31.70 45.13 22.80 45.31 -0.18 0.996 13.33

2-Propanol 0.62 0.89 0.41 0.28 0.61 1.459 63.75

Acetic Acid 0.89 1.27 0.59 0.56 0.71 1.789 67.58

Ethyl Acetate 0.74 1.06 0.33 0.28 0.78 3.786 72.42

Nickel Nitrate 26.64 - - - -

Cobalt Nitrate 3.13 -.. ...

Data and Results

Cobalt Analysis: Of the three methods used for cobalt analysis atomic

absorption was by far the most attractive. Mainly, because of ease of analysis,

precision and accuracy. There are advantages to using the other methods in

some circunstances. In order to obtain a relative measure of the advantages j
and disadvantages of these teehniques a series of known nickel and cobalt

solid mixtures were prepared and given to a trained technician for analysis.

Results are given below. Time for the atomic absorption (AA)

TABLE 3

Comparison of Cobalt Analyses

Sample Co/Ni Total M++  Co (Spectro- Co (1-nitroso-

Nr Ratio (by EDTA) Co A) Photometric) 2-naphthol)

1 0.00/1.00 1.005+.005 0.000+.001 0.000+.001 0.010+.020

2 0.030/0.97 1.0047.006 0.0299+.001 0.0296.0020 0.0372+.0055

3 0.050/0.95 1.004+.006 0.0508+.001 0.0484+.0056 0.0565+.0067

4 0.070/0.93 1.002+.007 0.07087.002 0.0690-7.0035 0.07377.0058

5 0.100/0.90 1.007+.009 0.1010".001 0.09604.0070 0.0972+.0030

9



analysis required from one and one-half to two hours initially plus twenty

minutes for each additional sample. About six to eight hours were required

for the spectrophotometric analysis, after preparation of standard solutions.

An hour is required for each additional sample. Analysis time for the

1-nitroso-2-naphthol method required three to three and one-half manhours

with a half hour for each additional sample.

Clearly, AA appears to give the most accurate results of the three methods,

and time for analysis is markedly short. The spectrophotometric method is

reliable but requires more reagent preparation. The 1-nitroso-2-naphthol

extraction does not appear to be very reliable at low cobalt concentrations,

but appears attractive for analysis of one or two samples with a reasonably

large cobalt content. Initial equipment costs for the spectrophotometric

and extraction methods are low in comparison to the AA method.

About one gram of sample was taken for each of the above analyses with

dilution to one liter. Further dilution was necessary in order to use the AA

and spectrophotometric methods.

Application of Atomic Absorption Analysis: The most frequent use of AA

was for monitoring cobalt concentration of impregnating solutions. Electrodes

were analyzed periodically for cobalt content in the total electrode and the

active material. Extraction of cobalt and nickel hydrox'A  *rom the sinter

was performed using methods reported by Nalpert, et al., (23). Results of

a typical analysis are given below:

S Co in S Co in Ni(0H)2/Co(OH)2  S Plate Wt.

Total Plate Active Matl. Ratio Active .Matl.

3.37 8.01 6.92 42.05

Results are in reasonable agreement with X-ray fluorescence data (22).

10



Volatile Coonent alysis: Data in Table 2 indicates that the dual

column technique gives a re3sonable separation of various comonents present

in impregnating solutions, but accuracy is questionable As small peaks appear

in the chromatogram superimposed on the major peaks. Apparently, these are

from nitrate decompoeition products. Higher than usual values for acetaldehyde,

acetic acid and ethyl acetate suggest that oxidation ot ethanol by nitrates

nay be occurring. The method is reasonably suitable for ethanol and water analyses.

Table 4 shows accuracy of the distillation technique. The method is

more time consuming but gives reasonable values for all coonens usually present.

Typical examples of an Sonent levels to be expected before and after an

impregnation have been given in an earlier report (6). Ranges of denaturant

imurities usually are: CH3 0H - 2-6%, C2H5 COOCH 3 - 2-5%, unidentified

components - <It. After impregnation results are: CH30H - 2-6%p C2H5 COOCH3 -

2-6%, CH3COOH - 0.1-1t, unidentified components -1lt. These levels do not

deviate greatly after over 30 depecitions.

TABLE 4

Accuracy of Distillation Technique

Wt. % ole. S Area* Wt. % A(Wf-)** 0 Error
Component (volatile) (Volatile) % Using f % (Distilled)

Water 46.01 71.17 53.52+3.44 45.70 -0.31 -4.57
methanol 5.67 4.06 4.90+ .25 4.55 -0.12 -2.57
Acetaldehyde 0.97 0.61 1.24+ .07 1.30 0.33 34.02
Ethanol 45.13 22.80 41.10+5.52 44.39 0-0.74 -1.64
2-Propanol 0.89 0.41 0.66+ .05 1.13 0.24 26.97
Ethyl Acetate 1.06 0.31 l.l1+ .06 1.26 0.05 4.72

% Area from chromatogram.

** Difference between wt.% using f and true wt..

% " 11



DISCUSSION

Methods of analysis presented here are not entirely unique but some novel

problems have arisen with respect to analysis of nitrate salts in alcohol

media. Related problems are discussed in studies of analysis of NOx-air

mixtures (26,27) for control of vehicular exhaust emissions. The main

problems one encounters with this type of analysis are: (1) irreversible

adsorption of NO and N02 on column packing, (2) interaction of H20 with

N02 , NO and 02, (2) air oxidation of NO on the column.

In analysis of ethanol-metal nitrate solutions with gas chromatography,

decomposition of nitrate on the column to give NO2 seems to be the main concern.

The distillation technique appears to eliminate this, but account of free I
nitric acid in solution and nitric acid formed as a result of nickel coordina-

tion with dimethylgloxime has not been made. It was not identified as an

elution product. Results with this technique are very satisfactory for its

application.

Cobalt analyses are straightforward, and have been discussed in the

literature. Puglisi has tried a novel method using a Brinkman Probe Colori-

meter (28). This method appears ideal for determining cobalt levels in

impregnating solutions.

Other methods of analysis for electrodes are continuing and will be given

in subsequent reports. The ones presented here are adequate for controlling

pilot operations involving in-house nickel hydroxide electrode fabrication.
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